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BELLCOMM, I N C .  
1100 Seventeenth Street, N.W. Washington, D. C. 20036 

SUBJECT: Review of Role  of  MSFN S t a t i o n  DATE: March 8,  1968 
a t  Grand Canary I s l a n d  i n  
Apol lo  and AAP - Case 900 FROM: J. P. Maloy 

MEMORANDUM F O R  F I L E  

I 

I n  view o f  changed r e q u i r e m e n t s ,  p r i m a r i l y  t h a t  
there  i s  no r equ i r emen t  f o r  i n j e c t i o n  on the f i r s t  r e v o l u t i o n  
f o r  l u n a r  m i s s i o n s ,  t h e  need  f o r  a s t a t i o n  a t  Grand Canary 
I s l a n d  has been rev iewed.  

The "Support  Requirements  Reference  Handbook f o r  t h e  
Apo l lo  S a t u r n  IB/Saturn  V Programs," p u b l i s h e d  by N A S A  Head- 
q u a r t e r s  (MAO) ( r e v i s e d  J u l y  1966)  l i s t s  t h e  s u p p o r t  c a p a b i l -  
i t i e s  and f u n c t i o n s  for a s t a t i o n  a t  Grand Canary I s l a n d  as: 

"Grand Canary I s l a n d  w i l l  be t h e  f i rs t  s t a t i o n  
to p r o v i d e  v a l i d a t i o n  o f  Cape Kennedy - Bermuda 
o r b i t a l  t r a c k  data a t  l aunch  az imuths  l e s s  t h a n  
85 d e g r e e s .  T h i s  w i l l  b e  a pr imary  s t a t i o n  f o r  
s u p p o r t i n g  the near -space  phases  o f  the Apo l lo  
m i s s i o n s  and w i l l  p r o v i d e :  

C-Band radar t r a c k i n g .  

VHF t e l e m e t r y  r e c e p t i o n  o f  space  v e h i c l e  
e n g i n e e r i n g  and/or  o p e r a t i o n a l  l i n k s .  

PCM data s e p a r a t i o n .  

D i g i t a l  Command System. 

UHF up-da ta  t r a n s m i s s i o n .  

VHF a i r - to-ground ( A / G )  v o i c e  communication. 

U n i f i e d  S-Band sys tem,  w i t h  30-foot d i s h  
and t e l e m e t r y ,  v o i c e ,  r a n g i n g ,  and up-data  
c a p a b i l i t y .  " 

A memorandum e n t i t l e d  " I n s t r u m e n t a t i o n  f o r  Apol lo  
a t  t he  MSFN S i t e  a t  Canary I s l a n d s , "  by Messrs. J .  J .  Hibber t  
and J. P. Maloy, da t ed  October  20 ,  1964 ( s e e  Appendix A ) ,  
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s u p p o r t e d  an.MSFN s t a t i o n  a t  Grand Canary I s l a n d s  ( C Y I )  f o r  
the  f o l l o w i n g  ma jo r  r e a s o n s :  

1) C Y 1  p r o v i d e s  unique coverage  on the  
f i r s t  o r b i t  f o r  l aunch  az imuths  (72O-82O) 
that  w i l l  f r e q u e n t l y  be used  f o r  t e s t  
and '  l u n a r  m i s s i o n s .  

2 )  C Y 1  would be needed t o  send  up-da ta  t o  t h e  
SIVB/IU t o  check it o u t  p r i o r  t o  i n j e c t i o n  
on the f i r s t  r e v o l u t i o n  o v e r  t h e  P a c i f i c  
n e a r  A u s t r a l i a  on l u n a r  m i s s i o n s .  

3 )  C Y 1  p r o v i d e s  up-data  c a p a b i l i t y  t o  t h e  CSM 
and t r a c k i n g  f o r  s u p p o r t i n g  a b o r t s  t ha t  
o c c u r  n e a r  or s h o r t l y  a f t e r  i n s e r t i o n  i n t o  
Earth o r b i t .  

However, some o f  t h e  t h r e e  major  r e q u i r e m e n t s  l i s t e d  
i n  t h i s  memorandum a r e  no l o n g e r  mandatory.  A t  t h e  t i m e  i t  
was w r i t t e n ,  i n j e c t i o n  on a l u n a r  t r a j e c t o r y  d u r i n g  t h e  l a s t  
half  o f  the  f i r s t  r e v o l u t i o n  was a t e n t a t i v e  r e q u i r e m e n t .  
T h i s  i s  no l o n g e r  r e q u i r e d  s o  t h a t  t h e  second r e a s o n  f o r  C Y 1  
l i s t e d  above l o s e s  i t s  s i g n i f i c a n c e .  The unique  coverage  
p r o v i d e d  by C Y 1  on t h e  f i rs t  r e v o l u t i o n  i n  t h e  l aunch  az imuth  
r a n g e  o f  7 2 O - 8 2 O  would have  been ve ry  d e s i r a b l e  f o r  i n j e c t i o n  
o p p o r t u n i t i e s  d u r i n g  t h e  f i r s t  r e v o l u t i o n ,  b u t  n o t  f o r  normal 
E a r t h  o r b i t a l  o p e r a t i o n s .  F i g u r e s  2 and 3 o f 'Append ix  A would 
i n d i c a t e  t h a t  there  are more t h a n  t h e  minimum number o f  s t a t i o n  
c o n t a c t s  f o r  E a r t h  o r b i t a l  o p e r a t i o n s  d u r i n g  t h e  f i r s t  r e v o l u t i o n  
w i t h o u t  t h e  C Y 1  s t a t i o n .  

Also i t  was b e l i e v e d  t h a t  t h e  I n s e r t i o n  S h i p  a l o n e  
migh t  n o t  p r o v i d e  r e l i a b l e  and a c c u r a t e  s p a c e  v e h i c l e  p o s i t i o n  
and v e l o c i t y  data f o r  o r b i t a l  d e t e r m i n a t i o n s  and t h a t  a s t a t i o n  
s u c h  as C Y 1  would be needed t o  p r o v i d e  c o r r o b o r a t i n g  data ea r ly  
enough t o  s u b s t a n t i a t e  t h e  t r a c k .  The s h i p s  have  s u b s e q u e n t l y  
demons t r a t ed  on v a r i o u s  t e s t  m i s s i o n s  t ha t  t h e y  are c a p a b l e  of 
pe r fo rming  t h i s  f u n c t i o n  w i t h  s u f f i c i e n t  accu racy  by themse lves .  

The I n s e r t i o n  S h i p  would p r o v i d e  data f o r  a c l o s e - i n  
* ' a b o r t  j u s t  p r i o r  t o  i n s e r t i o n ,  b u t  i n  t he  e v e n t  o f  a n e a r  miss 

a t  i n s e r t i o n  r e s u l t i n g  i n  an a b o r t ,  i t  would be i m p o r t a n t  t o  
' have a down-range s t a t i o n  a c q u i r e  t h e  s p a c e  v e h i c l e  soon t o  pro-  

v i d e  t e l e m e t r y  and t r a c k i n g  da ta  f o r  space  v e h i c l e  r e c o v e r y .  
C Y 1  would meet t h i s  r equ i r emen t  f o r  l aunch  az imuths  between 72O 
and 8 2 O .  T h i s  i s  a unique  f u n c t i o n  t h a t  can  be p r o v i d e d  by t h e  
Cy1 s t a t i o n  f o r  a l l  Apol lo  and AAP m i s s i o n s .  

I 
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I n  summary' t h e n ,  r e q u i r e m e n t s  have changed s o  t h a t  
t h e  n e c e s s i t y  f o r  m a i n t a i n i n g  a s t a t i o n  a t  Grand Canary I s l a n d  
f o r  Apol lo  l u n a r  m i s s i o n s  i s  m a r g i n a l .  The r e s u l t s  o f  t h i s  
r e v i e w  i n d i c a t e  t h a t  o n l y  one o f  t h e  major  r e a s o n s  f o r  r e t a i n -  
i n g  C Y 1  i s  s t i l l  v a l i d ;  i . e .  n e a r  i n s e r t i o n  a b o r t  s u p p o r t  cap- 
a b i l i t y ;  t h e  o t h e r  i m p o r t a n t  c o n s i d e r a t i o n s ,  namely c o n f i r m a t i o n  
of Ea r th  o r b i t  and SIW/IV checkout  p r i o r  t o  i n j e c t i o n  on t h e  
f i r s t  o r b i t  are no l o n g e r  a p p r o p r i a t e .  

Use o f  C Y 1  S t a t i o n  f o r  Apollo A p p l i c a t i o n s  Program ( A A P )  Mis s ions  

t h i r t e e n  MSFN s t a t i o n s  as a comparison w i t h  p r e v i o u s l y  p u b l i s h e d  
Bendix data.* Some v a r i a t i o n s  i n  coverage  a n a l y s i s  were made 
as f o l l o w s :  

A computer r u n  was made f o r  two days  o f  cove rage  f o r  

Bendix d i d  n o t  i n c l u d e  coverage  by s t a t i o n s  
for p a s s e s  whose maximum e l e v a t i o n  was less  
t h a n  5" above the  l o c a l  h o r i z o n .  No a t t e m p t  
was made t o  remove these low e l e v a t i o n  p a s s e s  
from o u r  r e s u l t s .  It  i s  b e l i e v e d  such  p a s s e s  
are r e l a t i v e l y  f e w  i n  number and would have  
no  s i g n i f i c a n t  impact on these r e s u l t s .  

Bendix began t h e i r  r e v o l u t i o n  count  a t  45OW. 
T h i s  s t u d y  fo l lowed t h e  more u s u a l  c o n v e n t i o n  o f  
c o u n t i n g  r e v o l u t i o n s  as t h e  space  v e h i c l e  p a s s e s  
o v e r  t h e  l o n g i t u d e  o f  Cape Kennedy. This  d i f f e r -  
ence  s h o u l d  have no s i g n i f i c a n t  e f f e c t  on t h e  end 
r e s u l t s .  

No s h i p s  were u t i l i z e d  i n  t h e  p r e s e n t  s t u d y .  
Bendix showed r e s u l t s  w i t h  and w i t h o u t  s h i p s .  

No mention was made i n  t h e  Bendix r e p o r t  o f  keyhole  
c o n s i d e r a t i o n s ,  masking o f  ground a n t e n n a  p a t t e r n s  due t o  
t e r r a i n  o r  o t h e r  o b s t r u c t i o n s  o r  a minimum coverage  d u r a t i o n .  
I n  order  t o  make t h e  r e p o r t s  comparable ,  these a f f e c t s  were 
l i k e w i s e  o m i t t e d  i n  t h e  Bellcomm a n a l y s i s ,  b u t  w i l l  be  r eexa -  
mined i n  a l a t e r  s t u d y .  

Tab le  I i s  a summary 'of t h e  number of c o n t a c t s  and 
t o t a l  number o f  coverage  minutes  t h a t  each  s t a t i o n  had f o r  

% 
ED 2002-375 "Apollo A p p l i c a t i o n s  Program ( A A P )  ~ 

Payload  I n t e g r a t i o n , "  da t ed  23 Februa ry  1968, p r e s e n t e d  a t  t h e  ~ 

I 

A A P  I & C  Pane l  Meeting a t  MSFC on 27  Febura ry  1968.  
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the two-day p e r i o d .  It i n d i c a t e s  that  C Y 1  p r o v i d e s  1 2 %  o f  t h e  
number o f  c o n t a c t s  and 13% of t he  c o n t a c t  t i m e .  T h i s  compares 
w i t h  13% and 11% r e s p e c t i v e l y  i n  t he  Bendix s t u d y ,  whose 
r e s u l t s  are shown i n  Table  I A .  The  gaps  between c o n t a c t s  are 
n o t  comparable  f o r  the  t w o  s t u d i e s  s i n c e  the  d u r a t i o n  o f  the 
r u n s  were s o  d i f f e r e n t  ( 2  days v s .  56 d a y s ) .  T a b l e  I1 shows 
t h e  number o f  gaps would i n c r e a s e  qf  C Y 1  were removed from 
the s t a t i o n  network;  t h e  number o f  gaps  g r e a t e r  t h a n  35 m i n u t e s  
would i n c r e a s e  by 5 (from 33 t o  3 8 ) ;  t h o s e  g r e a t e r  t h a n  75 min- 
u t e s  by  1 (from 5 t o  6 ) ;  and one gap would exceed  200 m i n u t e s .  

The summary o f  the data j u s t  rev iewed i n d i c a t e s  a 
need f o r  C Y I .  It p r o v i d e s  t h e  same number o f  c o n t a c t s  as 
Ascension ( A C N )  (ll), more c o n t a c t  t i m e  t h a n  ACN ( 8 3  v s .  71 
m i n u t e s )  and s l i g h t l y  more than  Guam (GWM) ( 8 3  vs .  8 2 ) .  How- 
e v e r ,  the  answer as t o  how many o f  these c o n t a c t s  and how 
much o f  t h e  c o n t a c t  t i m e  i s  n e c e s s a r y  i s  n o t  r e a d i l y  a p p a r e n t .  
T h i s  depends upon the o p e r a t i o n a l  p l a n s .  'However, t h e  C Y 1  
s t a t i o n  would r educe  some o f  t h e  l a r g e  gaps .  

Coverage of  t h e  MSFN S t a t i o n  a t  Tanana r ive  ( T A N )  

TAN has a c o n t a c t  f o l l o w i n g  the  one a t  C Y I .  I n  none o f  t h e s e  
c a s e s ,  would the  gap from " t i m e  l as t  seen"  a t  C Y 1  exceed  35 
minu tes  i f  TAN were n o t  t h e r e  s i n c e  Carnarvon ( C R O )  p i c k s  
up the  s p a c e  v e h i c l e  w i t h i n  t e n  m i n u t e s  a f t e r  TAN does .  How- 
e v e r ,  i f  n e i t h e r  C Y 1  n o r  TAN ( n o r  an  e q u i v a l e n t  s h i p )  were 
i n  the MSFN network ( s e e  Table 11) t h e n  gaps exceed ing  35 
minu tes  would i n c r e a s e  from 33 t o  42  and gaps  exceed ing  70 
minu tes  would i n c r e a s e  from 5 t o  7 .  It i s  a p p a r e n t  t h a t ,  C Y 1  
and TAN are comparable i n  t h e  cove rage  t h a t  t h e y  p r o v i d e  f o r  
a two-day A A P  m i s s i o n .  

F o r  4 o u t  of  11 c o n t a c t s  i n  t h e  two days examined, 

Conc lus ions  

Although the  u s e f u l n e s s  of  C Y 1  f o r  Apol lo  l u n a r  
m i s s i o n s  i s  m a r g i n a l  due to changed r e q u i r e m e n t s ,  i t  i s  
a p p a r e n t  t ha t  C Y 1  can p r o v i d e  s i g n i f i c a n t  coverage  f o r  l o n g  

. d u r a t i o n  (Apo l lo  and AAP) m i s s i o n s .  I f  such  coverage  were 
n o t  r e q u i r e d ,  . the r e l o c a t i o n  of t h e  C Y 1  f a c i l i t i e s  t o  TAN 
would p e r m i t  t h e  d e l e t i o n  of  t h e  r equ i r emen t  f o r  a s h i p  i n  
t h e  South  A f r i c a n  area. 

2034-JPM-ew 

Attachment  s 
V 
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APPENDIX A 

- SUBJECT: I n s t r u m e n t a t i o n  f o r  A p o l l o  at DATE: Octobe r  20, 1964 
Vie MSFN S i t e  a t  Canary I s l ands ,  

-Case 215 FROM: J. J. H i b b e r t  
J, f, lilaloy 

The on ly  S-band c a p a b i l i t y  p r o v i d e d  a t  t h e  Canary I s l a n d  
(CYI) s i t e  o f  t h e  MSFN f o r  A p o l l o  i n  t he  p r e s e n t  i m p l e m e n t a t i o n  
plari i s  r e c e p t i o n  of  t e lemet ry  from the  Apol lo  s p a c e v e h i c l e  ( S I V B f I U  
and CSd). Tne r e q u i r e m e n t s  f o r  CY1 have  been  re-examined and 
s u p p o r t  a recommendation t o  equ ip  C Y 1  w i t h  a complete  Uriif’ied S-band 
S t a t i o n  (30 f t  d i a m e t e r  a n t e n n a )  o f  s i n g l e  c a p a b i l i t y ,  io  e. i t  
s h o u l d  be able  t o  t r a n s m i t  t o  one s p a c e c r a f t  a t  a t i m e  whi le  r e c e i v i n g  
da ta  f rom two. 

The ma jo r  r e a s o n s  f o r  t h i s  recommended change i n  t h e  
i m p l e m e n t a t i o n  p l a n  are : 

CY1 p r o v i d e s  un ique  coverage on t h e  f irst  o r b i t  f o r  
l a u n c h  az imuths  (72’ - 8 2 O )  t h a t  w i l l  f r e q u e n t l y  be u s e d  
f o r  tes t  andlunar  missions. 

cy1 i s  needed t o  s e n d  up-data  t o  t h e  SIVB/IU t o  
check  It o u t  p r i o r  t o  i n j e c t i o n  o v e r  t he  P a c i f i c  near 
A u s t r a l i a  on l u n a r  m i s s i o n s  

CY1 s h o u l d  be p r o v i d e d  w i t h  CSYi up-da ta  c a p a b i l i t y  and 
r edundan t  t r a c k i n g  f o r  s u p p o r t i n g  a b o r t s  n e a r  o r  s h o r t l y  
a f t e r  i n s e r t i o n  i n t o  e a r t h  o r b i t ,  

I 
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 SUBJECT^ I n s t r u m e n t a t i o n  f o r  Apollo a t  DATE: Octobe r  20, 1964 
t h e  I4SFN S i t e  a t  Canary I s l a n d s  
Case 215 FROM: J ,  J. H i b b e r t  

J. P. Maloy 

MEMORANDUM FOR FILE 
I 

I n t r o d u c t i o n  

Tile g e n e r a l  pu rpose  of t h i s  memorandum i s  a n  e x a m i n a t i o n  
o f  A p o l l o  r e q u i r e m e n t s  f o r  i n s t r u m e n t a t i o n  for t h e  Manned Space 
F l i g h t  Network (I”4SFiJ) s i t e  a t  Canary I s l a n d s  ( C Y I ) .  The s p e c i f i c  
p u r p o s e  i s  t o  d e t e r m i n e  whether  t h e  c u r r e n t  I4SFN i m p l e m e n t a t i o n  
p l a n  s h o u l d  be mod i f i ed  so  t h a t  t h e  Canary I s l a n d  s i t e  i s  e q u i p p e d  
w i t h  a comple te  u n i f i e d  S-band i n s t a l l a t i o n .  

F u n c t i o n s  Performed by t h e  Canary I s l a n d  S i t e  - 
- The Canary I s l a n d  ( C Y I )  s i t e  i s  t h e  f i r s t  land-based  MSFH 

s i t e  t h a t  can  t r a c k  and communicate w i t h  t he  Apol lo  s p a c e  v e h i c l e  
a f t e r  i n s e r t i o n  i n t o  E a r t h  o r b i t  on l a u n c h  az imuths  between 72O 
and 82O. The n e x t  s t a t i o n  t h a t  would communicate w i t h  t h e  s p a c e  
veh ic l e  on t h e s e  l a u n c h  a z i m u t h s i s  Carnarvon ( C R O ) ,  A u s t r a l i a .  

F i g u r e  1 shows t h e  c o n t a c t  t i m e  f o r  e a c h  MSFN s t a t i o n  
d u r i n g  which t h e  s p a c e  v e h i c l e  i s  above 5 O  e l e v a t i o n ,  f o r  t h e  
f i r s t  ha l f  o f  t h e  f i r s t  o r b i t  a f t e r  t h e  s p a c e  v e h i c l e  i s  i n s e r t e d  
i n t o  E a r t h  o r b i t  on l aunch  azimuths between 72O and 108”, For  
t h i s  da ta ,  t h e  i n j e c t i o n  s h i p  was p o s i t i o n e d  t o  c o v e r  i n j e c t i o n  
i n t o  t h e  l u n a r  t r a n s f e r  t r a j e c t o r y  f o r  t h e  l u n a r  m i s s i o n s .  It 
i s  a p p a r e n t  f o r  l a u n c h  a z i m u t h s  between 72’ and 80°,  t h a t  C Y 1  
r e d u c e s  t h e  coverage  gap be tween t h e  i n s e r t i o n  s h i p  and CYiO f rom 
37 minu tes  t o  30 minu tes .  

Tracking;  

Because o f  i t s  l o c a t i o n ,  C Y 1  t r a c k i n g  data p r o v i d e s  t h e  
f irst  c o n f i r m a t i o n  and r e f inemen t  o f  t h e  i n s e r t i o n  s h i p ’ s  
e v a l u a t i o n  o f  t h e  i n s e r t i o n  o f  t he  s p a c e  v e h i c l e  i n t o  E a r t h  
p a r k i n g  o r b i t  f o r  l aunch  az imuths  n e a r  72O. idany of  t h e  t e s t  
missions as well as t h e  s t a r t  of t h e  l a u n c h  window f o r  l u n a r  
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m i s s i o n s  w i l l  u se  these  l aunch  azimuths s o  t h i s  t r a c k i n g  f u n c t i o n  
a t  C Y 1  i s  i m p o r t a n t ,  
t o  t h e  IIrlCC i n  t h e  n e x t  year  which w i l l  a s s u r e  t h e  a v a i l a b i l i t y  
o f  t h i s  data. 

Moreover,  C Y 1  w i l l  b e  connec ted  by cable  

The t r a c k i n g  a t  C Y 1  i s  now per formed by a n  MPS-26 rada-r 
which o p e r a t e s  a t  C-band and  has  t r a c k i n g  per formance  q u i t e  
comparable  t o  t h a t  e x p e c t e d  from t h e  u n i f i e d  S-band ( 3 0  f t ,  
dimeter a n t e n n a )  s t a t i o n  i n  ang le  and r ange  t r a c k i n g ,  The i m - 2 6  
radar w i l l  be  u sed  f o r  t r a c k i n g  t h e  Gemini s p a c e c r a f t  and can  be 
used  f o r  t r a c k i n g  t h e  Apol lo  s p a c e  v e h i c l e  s i n c e  i t  w i l l  c a r r y  
a C-band beacon e i t h e r  i n  t h e  SIVB/IU o r  i n  t h e  CSM o r  b o t h .  

For l aunch  az imuths  between 72' and abou t  82', as shown 
on F i g u r e  1, A u s t r a l i a  would be the  n e x t  r a n g e  s t a t i o n  t o  p r o v i d e  
t r a c k i n g  data i f  t h e  IIPS-26 r a d a r  a t  C Y 1  f a i l e d .  P a r t i c u l a r l y  
i n  t h e  case of an  a b o r t  n e a r  i n s e r t i o n  i n t o  E a r t h  o r b i t  on 
t h e s e  l a u n c h  az imuths  t h e  need  f o r  t r a c k i n g  da t a  would s u p p o r t  
a r e q u i r e m e n t  f o r  r edundan t  t r a c k i n g  f a c i l i t i e s  a t  C Y I ,  A t  
o t h e r  l a u n c h  az imuths  ( 8 2 O  - 100') t h e  I n j e c t i o n  sljp provicks r edundan t  
t r a c k i n g  f a c i l i t i e s  s i n c e  i t  has  b o t h  a C-band radar and a USB . 
i n s t a l l a t i o n ,  
between abou t  90' and 100°, 

Also Ascens ion  can p r o v i d e  good t r a c k i n g  data  

Te leme t ry  Recep t ion  

The t e l eme t ry  r e c e i v i n g  equipment a t  C Y 1  i s  now i n  t h e  VHF 
band ,  which w i l l  be  used  for telemetered e n g i n e e r i n g  da ta  from 
t h e  S I V B / I U  on t h e  S a t u r n  V l u n a r  m i s s i o n ,  and f o r  o p e r a t i o n a l  
data  on many o f  t h e  S a t u r n  I B  m i s s i o n s ,  When the  Apol lo  space -  
c r a f t  and  t h e  S I V B / I U  are a l s o  equipped  w i t h  u n i f i e d  S-band 
gear ,  C Y 1  must be  equ ipped  w i t h  t e l eme t ry  r e c e i v i n g  equipment  t o  
r e c e i v e  t h e  S-band t e l e m e t r y ,  

Voice Communications 

C Y 1  i s  now equ ipped  t o  r e c e i v e  and t r a n s m i t  v o i c e  i n  t h e  
VHF f r e q u e n c y  band t o  t h e  Gemini s p a c e c r a f t ,  These f a c i l i t i e s  
can  a l s o  b e  u sed  t o  p r o v i d e  voice  communication w i t h  t h e  Apo l lo  
s p a c e c r a f t  s i n c e  t h e y  a r e  t o  be equipped  w i t h  VHF v o i c e  equ ip -  
ment for communication i n  t h e  v i c i n i t y  o f  t h e  moon a l t h o u g h  t h e  
p r i m a r y  v o i c e  l i n k  t o  t he  Block I1 s p a c e c r a f t  w i l l  b e  t he  
U n i f i e d  S-band equipment  

I 
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Up-Data T r a n s m i s s i o n  

F o r  t h e  S a t u r n  I B  mis s ions  data w i l l  be s e n t  t o  t h e  SIVB/ 
I U  and t h e  CSM Block I o v e r  t h e  UHF command equipment  i n s t a l l e d  
a t  C Y 1  f o r  t h e  Gemini m i s s i o n s ,  

The U H F  up-da ta  r e c e i v e r s  w i l l  ,be de l e t ed  from t h e  Block I1 
CSM and  w i l l  a l s o  be removed f r o m  t h e  S I V B / I U  u s e d  w i t h  S a t u r n  V.  
T h e r e f o r e ,  i t  would n o t  be p o s s i b l e  t o  s e n d  data  a u t o m a t i c a l l y  
t o  t h e  Apol lo  s p a c e  v e h i c l e  from C Y 1  f o r  S a t u r n  V f l i g h t s  u n l e s s  
a USB s t a t i o n  were i n s t a l l e d  t h e r e .  To be s u r e , v o i c e  data  c o u l d  
always be  t r a n s m i t t e d  t o  t h e  Apollo CSM b u t  s i m u l a t i o n  e x e r c i s e s  
f o r  Gemini show t h a t  t h e  t ime  r e q u i r e d  t o  do  t h i s  would p r o b a b l y  
be t o o  l o n g  t o  comple te  i n  a s i n g l e  s t a t i o n  p a s s .  

Up-data t r a n s m i s s i o n  i s  needed a t  C Y 1  i n  o r d e r  t o ,  1) check 
o u t  t h e  S I V B / I U  f o r  a l u n a r  mis s ion  p r i o r  t o  i n j e c t i o n  i n t o  t h e  
l u n a r  t r a n s f e r  t r a j e c t o r y  i n  t h e  Western P a c i f i c  d u r i n g  t h e  f irst  
o r b i t .  D i s c r e t e  commands w i l l  b e  s e n t  t o  t h e  S I V B / I U  f o r  t h d s  
pu rpose .  S i n c e  t he  S I V B  second  burn  sequence  takes  abou t  7 m i n u t e s ,  
t h e  d e c i s i o n  t o  "go" must be  made p r i o r  t o  t h e  A u s t r a l i a n  
s t a t i o n s  ( C R O ) .  2 )  Send data  t o  t h e  CSM i n  c a s e  o f  a n  a b o r t  
n e a r  t h e  i n s e r t i o n  i n t o  E a r t h  o r b i t .  Al though t h e  I n s e r t i o n  S h i p  
can  do t h i s  i n  most cases, t h e r e  can  be a b o r t s  where a b o r t  
r e e n t r y  must be  implemented by C Y I .  

I f  a s a t i s f a c t o r y  E a r t h  o r b i t  i s  n o t  a c h i e v e d ,  and f o r  
some r e a s o n  t h e  i n s e r t i o n  s h i p  i s  u n a b l e  t o  t r a n s m i t  da t a  t o  t h e  
Apo l lo  v e h i c l e  for emergency r e e n t r y ,  C Y 1  s h o u l d  be able  t o  
9 e r f o r m  t h i s  f u n c t i o n ,  Although C Y 1  can  a lways  segd some da ta  
by v o i c e  t o  t h e  s p a c e c r a f t ,  as was done i n  t h e  Mercury f l i g h t s  
arid even  though a b o r t s  are under  c o n t r o l  of  t h e  a s t r o n a u t s ,  such  
v o i c e  data  f o r  emergency a b o r t  i s  q u i t e  m a r g i n a l  f o r  t h e  Gemini 
and Apol lo  m i s s i o n s ,  

- I n j e c t i o n  C o n s i d e r a t i o n s  

By s e v e n  minu tes  a f t e r  t h e  end  of t h e  i n j e c t i o n  b u r n ,  t h e  
cove rage  p r o v i d e d  by  C Y 1  d u r i n g  the  t r a n s l u n a r  i n j e c t i o n  p h a s e  
is r e d u n d a n t  w i t h  t h a t  p r o v i d e d  by Madrid and Ascens ion  I s l a n d .  
Also ,  by t h i s  tlrne t h e  C Y 1  coverage o f  i n j e c t i o n  i s  r edundan t  
w i t h  t h a t  of.  t h e  i n s e r t i o n  s h i p .  O f  c o u r s e ,  i f  i n j e c t i o n  
o c c u ~ ~  ;f n e a r  C Y I ,  i t  would be a b l e  t o  p r o v i d e  communication 
and t r a c k i n g  f o r  a few minu tes  o f  t h e  i n j e c t i o n  p h a s e ,  a l t h o u g h  
communication a i r c r a f t  w i l l  be  p r o v i d e d  t o  c o v e r  t h i s  phase  o f  
t h e  m i s s i o n .  
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From T a b l e s  2 and 3 ,  i t  i s  a p p a r e n t  t h a t  t h e  cove rage  
gap r e d u c t i o n  p r o v i d e d  by C Y 1  f o r  l o n g  d u r a t i o n  Apo l lo  E a r t h -  
o r b i t e d  m i s s i o n s  i s  s l i g h t ,  There i s  no r e d u c t i o n  i n  gaps 
p r o v i d e d  by  C Y 1  when b o t h  s h i p  and l a n d  s t a t i o n s  are c o n s i d e r e d ,  
Computed coverage  p r o v i d e d  by a l l  Apol lo  s t a t i o n s  of d u r a t i o n  
greater  t h a n  2 minu tes  i s  shown i n  F i g u r e s  2-6. 

E x t e n s i o n  o f  Nor th  American Complex "Continuous Coverage" 

C Y 1  p r o v i d e s  f o r  t h o s e  o r b i t s  ,and l aunch  az imuths  f o r  which t h e  
Nor th  American s t a t i o n  complex p r o v i d e s  cove rage  o f  15 m i n u t e s  
o r  morec O f  t h e  27 such  c a s e s ,  C Y 1  improves  t h e  c o n t i n u i t y  o f  
cove rage  o f  8 o f  t hese  by as much as 50%. 

T a b l e  4 shows t h e  i n c r e a s e  i n  c o n t i n u i t y  o f  cove rage  t h a t  

Note t h a t  C Y 1  i s  on t h e  down range  end o f  s u c h  c o v e r a g e ,  
s o  t h a t  i t s  t e l e m e t r y  f u n c t i o n  would p r o b a b l y  be of g rea t e r  
impor t ance  r a the r  t h a n  i t s  up-data f u n c t i o n ,  

Summarv and Recommendations 

From t h e  above d i s c u s s i o n ,  i t  i s  a p p a r e n t  t h a t :  

1, C Y 1  i s  a n e c e s s a r y  t r a c k i n g ,  t e l e m e t r y ,  up-da ta ,  and  v o i c e  
s t a t i o n  f o r  ( a )  c o n f i r m a t i o n  o f  E a r t h  o r b i t ,  ( b )  S I V B / I U  
checkout  p r i o r  t o  i n j e c t i o n  or  t h e  f i r s t  o r b i t ,  and ( c )  
e a r l y - a b o r t  s u p p o r t  c a p a b i l i t y  

2 ,  C Y 1  I s  now equ ipped  w i t h  on ly  a s i n g l e  t r a c k i n g  data s o u r c e  
(a C-band ~ ~ s - 2 6  radar) .  

, 3 .  Although C Y 1  c o n t r i b u t i o n  t o  t h e  cove rage  of  e x t e n d e d  
E a r t h  o r b i t a l  m i s s i o n s  i s  small , the i n c r e a s e  i n  " c o n t i n u o u s  
coverage"  of  t he  North American s t a t i o n  complex i s  
s i g n i f i c a n t  f o r  t h e  t e s t  mj-ss ions , 

4. C Y 1  w i l l  n o t  be ab le  t o  send  up-da ta  t o  Block I1 CSi4 space-  
c r a f t  w i t h o u t  a comple te  u n i f i e d  S-band s t a t i o n ,  It 
c o u l d  on ly  t r s n s m i t  d a t a  by UHF v o i c e  t o  t h e  a s t r o n a u t s  
i n  t h e  s p a c e c r a f t  and t h i s  i s  n o t  a s a t i s f a c t o r y  s u b s t i t u t e ,  I 
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5. CY1 is a b l e  t o  s e n d  d a t a  t o  the SIVB/IU u s i n g  i t s  UHF 
command t r a n s m i t t e r  f o r  t h e  Sa tu’ rn  IB missions. A s  
p r e s e n t l y  p l a n n e d ,  t h i s  U H F  r e c e i v e r  i n  t he  SIVB/IU 
will b e  d e l e t e d  f o r  S a t u r n  V m i s s i o n s  s o  t h a t  CY1 
would be  unab le  t o  s e n d  d a t a  t o  t h e  SIVB/IU w i t h o u t  
U n i f i e d  S-band equipment e 

CY1 coverage  d u r i n g  t h e  p o s t - i n j e c t i o n  p h a s e  i s  r e d u n d a n t ,  

The above r e s u l t s  s u p p o r t  o u r  recommendation t h a t  t h e  
Canary I s l a n d  s i t e  be  equ ipped  w i t h  a comple te  U n i f i e d  S-band 
s t a t i o n  i n  t i m e  f o r  the Block I1 CSM f l i g h t s  on S a t u r n  I B  and 
S a t u r n  V, 

JJH 202 l-JPiq-r c 
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